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I INTRODUCTION 

Zinc ox ide  (ZnO) is  c u r r e n t l y  used a s  a  pigment f o r  thermal  c o n t r o l  

c o a t i n g s  on space  v e h i c l e s .  Zinc o r t h o t i t a n a t e  (Zn Ti0  ) h a s  I n h e r e n t  2 4 
q u a l i t i e s ,  such a s  a  lower  f requency u l t r a v i o l e t  a b s o r p t i o n  s h o u l d e r ,  

t h a t  enhance i t s  p o t e n t i a l  a s  a  pigment. Both of t h e s e  m a t e r i a l s  Pose 

r e f l e c t a n c e  d u r i n g  s p a c e  f l i g h t s  o r  space  f l i g h t  s i m u l a t i o n s  because  of 

u l t r a v i o l e t  r a d i a t i o n  i n  vacuum. To d e c r e a s e  s u s c e p t i b i l i t y  t o  damage 

from u l t r a v i o l e t  r a d i a t i o n ,  t h e  z i n c  ox ide  is coa ted  w i t h  an a l k a l l  snll- 

c a t e ,  t h e n  h e a t  t r e a t e d  a t  low tempera tu re .  Zinc o r t h o t i t a n a t e  i s  farmed 
0 

a t  t empera tu res  between 900 and 1 1 0 0 ~ ~ .  U n f o r t u n a t e l y ,  both  of t h e s e  

h e a t  t r e a t m e n t s  cause  s i n t e r i n g  and p a r t i c l e  agg lomera t ion ,  and a sub-  

s e q u e n t  comminution p r o c e s s i n g  s t e p  must be employed. The comm:~nution 

r e s u l t s  i n  z i n c  ox ide  p a r t i c l e s  t h a t  a r e  n o t  complete ly  coa ted  wnth a l k a l n  

s i l i c a t e  i n  one c a s e ,  and z i n c  o r t h o t i t a n a t e  t h a t  is  mechanical ly  damaged, 

i n  t h e  o t h e r .  T h e r e f o r e ,  a  h e a t  t r e a t m e n t  t h a t  does n o t  r e s u l t  nn a g g l o -  

m e r a t i o n  and s i n t e r i n g  , t h e r e b y  e l i m i n a t i n g  t h e  need f o r  subsequen t  cox- 

minut ion  of t h e  pigment p a r t i c l e s ,  shou ld  p rov ide  m a t e r i a l s  w i t h  g r e a t e r  

r e s i s t a n c e  t o  u l t r a v i o l e t  r a d i a t i o n  under  vacuum c o n d i t i o n s .  

The plasma techn ique  is  a n  a t t r a c t i v e  method of c a l c i n i n g  f r n e  p a r -  

t i c l e s  w i t h o u t  producing s i n t e r e d  agg lomera tes .  The o b j e c t i v e  of t h r s  

s t u d y  is  t o  de te rmine  t h e  p o t e n t i a l  of employing i n d u c t i o n  plasma h e ~ t r n g  

t e c h n i q u e s  f o r  c a l c i n i n g  pigment p a r t i c l e s  used i n  the rmal  c o n t r o l  c o a t i n g s ,  

F i n e  p a r t i c l e s  of s i l i c a t e d  z i n c  ox ide  and z i n c  o r t h o t i t a n a t e  were dis- 

persed  i n  a  c a r r i e r  gas  of a rgon  and oxygen and were h e a t e d  by h o t  argon 

produced i n  a n  i n d u c t i o n  plasma. 

Work d u r i n g  t h i s  r e p o r t  pe r iod  was p r i m a r i l y  concerned w i t h  plasma 
0 

t r e a t i n g  two a d d i t i o n a l  s u r f a c e - t r e a t e d  z i n c  o r t h o t i t a n a t e  powders a t  1670 6 ,  

which has  been found t o  be a n  optimum tempera tu re  f o r  plasma c a l c i n i n g  zinc 

o r t h o t i t a n a t e .  A secondary  o b j e c t i v e  was t o  i n v e s t i g a t e  t h e  e f f e c t  of 

i n c r e a s i n g  t h e  amount of Zn Ti0  powder produced t o  a  r a t e  of 5 I b  p e r  8 - h r  
2 4 

s h i f t .  



I1 SUMMARY 

Work performed d u r i n g  p rev ious  r e p o r t  p e r i o d s  i n d i c a t e d  t h a t  t h e  

plasma c a l c i n i n g  p r o c e s s  s i g n i f i c a n t l y  improves t h e  s t a b i l i t y  of thermal 

c o n t r o l  pigments.  I n  t h e  l a s t  r e p o r t  p e r i o d  a  plasma-calc ined silicate 

and phosphate-coated z i n c  o r t h o t i t a n a t e  powder e x h i b i t e d  t h e  h i g h e s t  

s t a b i l i t y  of any m a t e r i a l  known t o  d a t e .  During t h i s  r e s e a r c h  per iod  

it has  been e s t a b l i s h e d  from t h e  d a t a  on hand t h a t  a  m a t e r i a l  th roughput  

l e v e l  is  p o s s i b l e  i n  t h e  p r e s e n t  plasma system capab le  of producing 5 Ib 

i n  an  8-hr s h i f t  (4 .7  g/min). With s t r u c t u r a l  m o d i f i c a t i o n s  t o  t h e  

t r a n s p o r t  and recovery sys tem t h e  p r e s e n t  r e a c t i o n  chamber could produce 

t h r e e  t imes  t h i s  l e v e l .  

I n  summarizing t h e  e f f e c t  of plasma c a l c i n i n g  t o  d a t e  and from 

prev ious  r e p o r t s  t h e  f o l l o w i n g  p o i n t s  have been e s t a b l i s h e d :  

1. Plasma c a l c i n i n g  of b a l l  m i l l e d  s i l i c a t e d  z i n c  ox ide  pigment 
I 

i n c r e a s e s  i t s  vacuum uv s t a b i l i t y  (Aw = 0.002 @ 1000 ESW), 
S 

2.  Plasma c a l c i n i n g  o f  b a l l  m i l l e d  1:l s t o i c h i o m e t r i c  z i n c  

o r t h o t i t a n a t e  pigment i n c r e a s e s  i t s  vacuum uv s t a b i l i t y ,  

3 .  Plasma c a l c i n i n g  of b a l l  m i l l e d  1:l z i n c  o r t h o t i t a n a t e  

pigment w i t h  e x c e s s  ZnO i n c r e a s e s  t h e  vacuum uv s t a b i l i t y .  

4, Plasma-calc ined 1:l z i n c  o r t h o t i t a n a t e  pigment wi th  excess  

ZnO and t r e a t e d  w i t h  a  s i l i c a t e  and phosphate  c o a t i n g  

e x h i b i t s  t h e  h i g h e s t  vacuum uv s t a b i l i t y  t o  d a t e  (A@ = 0 
2  S 

@ 2500 ESH). 

5 .  The optimum c a l c i n i n g  t empera tu re  f o r  z i n c  o r t h o t i t a n a t e  i s  

a t  a  AT of 1670 '~ .  

6.  P r o c e s s i n g  c a p a c i t y  up t o  5 lb /8-hr  s h i f t  is p o s s i b l e  in.  t h e  

p r e s e n t  sys tem.  

IN. A .  Ashford and G. A .  Z e r l a u t ,  " ~ e v e l o p m e n t  of Space-Stable  Thermal- 
C o n t r o l  C o a t i n g s ,  " IITRI Report  No. IITRI -U6002 -77 (Tr iannua l  Report )  
J u l y  11, 1969) 

2 ~ .  A.  Z e r l a u t ,  J .  E. G i l l i g a n ,  and N .  A .  Ashford ,  "space R a d i a t i o n  
Environment E f f e c t s  i n  R e a c t i v e l y  Encapsula ted Zinc O r t h o t i t a n a t e s  and 
t h e i r  P a i n t s , "  AIAA 6 t h  Thermophysics Conference,  Tullahoma, Tennessee 
( A p r i l  26-28, 1971) 



I I I EXPERIMENTAL PROCEDURE 

The exper imenta l  z i n c  o r t h o t i t a n a t e  (Zn Ti0  ) pigments used i n  t h i s  
2  4  

i n v e s t i g a t i o n  were produced a t  I I T  Research I n s t i t u t e  under NASA Contract 

No. NAS 8-26791. The p r e p a r a t i o n  of t h e  Zn Ti0  pigments h a s  been described 
2  4  

i n  e a r l i e r  r e p o r t s .  3 ' 4 7 5  During t h i s  r e s e a r c h  p e r i o d  two new s u r f a c e -  

t r e a t e d  z i n c  o r t h o t i t a n a t e  powders were s u p p l i e d  by IITRI.  Presumably  the 

s t a r t i n g  z i n c  o r t h o t i t a n a t e  powder was t h e  same a s  t h a t  used i n  producing 

SRI Sample No. 1 0  ( I ITRI Sample No. B296) from o u r  l a s t  r e s e a r c h  period, 

The f i r s t  new powder, d e s i g n a t e d  a s  SRI Sample No. 12 (IITRI Lot N o ,  6 -07'7 ; 

Mfg 3/17/71) ,  had r e c e i v e d  a  K2SiF6 s u r f a c e - t r e a t m e n t .  The second new 

powder, d e s i g n a t e d  a s  SRI Sample No. 14 (IITRI Lot No. C-149; Mfg 5 /25 /71) ,  

had rece ived  a  K S i  W 0 s u r f a c e - t r e a t m e n t .  
4  4  12 40 

The plasma a p p a r a t u s  used i n  t h i s  s t u d y  was d e s c r i b e d  i n  detail i n  

I n t e r i m  Technica l  Report  No. 1, and t h e  p r e s e n t  o p e r a t i n g  c o n d i t i o n s  were 
4  

d e s c r i b e d  i n  I n t e r i m  Technica l  Report  No. 2 .  The pigments were injected 

downstream from t h e  plasma. The c o n s t a n t  gas  f low r a t e  employed produces 

a  c o n s t a n t  r e s i d e n c e  o r  h e a t i n g  t ime  of abou t  1.1 seconds.  The gas  temper- 

a t u r e  i n  e x c e s s  of ambient (AT) is  c a l c u l a t e d  from t h e  gas  f low rate, the 

i n p u t  e l e c t r i c a l  e n e r g y ,  and t h e  h e a t  c a p a c i t y  of t h e  argon plasma g a s ,  

and is g i v e n  by e q u a t i o n  (1 )  

AT = 25 E  I /J 
P  P  

(11 

where J is t h e  t o t a l  gas  f low r a t e  i n  l i t e r s / m i n  a t  S.T.P., E  is p i ~ t e  
P 

3 ~ .  W .  B a r t l e t t ,  " ~ n d u c t i o n  Plasma C a l c i n i n g  of Pigment P a r t i c l e s  Tor 
Thermal C o n t r o l  C o a t i n g s ,  l1 SRI I n t e r i m  Technica l  Report  No. I ,  PMU-7083, 
(August 1 5 ,  1968) 

4 ~ .  P. F a r l e y  and P. J .  J o r g e n s e n ,  " ~ n d u c t i o n  Plasma C a l c i n i n g  of Pigmen; 
P a r t i c l e s  f o r  Therma 1 C o n t r o l  Coa t ings  , I 1  SRI I n t e r i m  Technica l  Report 
No. 2 ,  PMU-7083 ( J u l y  3 0 ,  1969) 

5 
G. A.  Z e r l a u t  and N. A. Ashford ,  " ~ e v e l o p m e n t  of Space-Stable  Thermal  
C o n t r o l  C o a t i n g s , "  IITRI T r i a n n u a l  Report  No. IITRI-46002-85 (February 
2 0 ,  1970) .  



v o l t a g e  and I  is  p l a t e  amperage. The cons tan t  i n  t h i s  equa t ion  accounts 
P 

f o r  t h e  conversion of u n i t s  and the  plasma e f f i c i e n c y .  The plasma con- 

s i s t e d  e n t i r e l y  of argon,  whereas t h e  gases  used t o  t r a n s p o r t  the  plgmenr 

p a r t i c l e s  i n t o  t he  plasma apparatus  contained equal  amounts of argon a n d  

oxygen. The t o t a l  r e s u l t i n g  gas  composition i n  t h e  r e a c t o r  was 80.7% 

argon and 19.3% oxygen. 

The s t a r t i n g  ma te r i a l s  and t h e  ca lc ined  products  were analyzed b y  

x-ray d i f f r a c t i o n ,  scanning e l e c t r o n  microscopy (SEM), F i s h e r  subsieve 

a n a l y s i s  , and e l e c t r o n  paramagnetic resonance (EPR) . The ma te r i a l s  were 

then  submit ted t o  IITRI f o r  s o l a r  s imu la t i on  and spec t ro re f  l ec tomet ry .  

The EPR t e s t s  were run i n  t h e  system descr ibed  i n  In te r im Technical 
4 

Report No. 3 with a  mod i f i ca t i on  i n  t h e  sample ho lde r  t h a t  prevents  
C 

oxygen contaminat ion a s  descr ibed  i n  In te r im Technical  Report N o .  4, 
LW 

The EPR measurements were made before  and a f t e r  a  vacuum uv i r r a d i a s i o n  
0 

time of one hour  and a t  two tempera tures ,  300' and 77 K. 

4 ~ .  P. F a r l e y ,  " ~ n d u c t i o n  Plasma Calc in ing  of Pigment P a r t i c l e s  for 
I f  Thermal Control  Coat ings ,  SRI In te r im Technical Report No. 3 ,  

PMU-7083 (May 8 ,  1970) 

5 ~ ,  P. F a r l e y ,  " ~ n d u c t i o n  Plasma Calc in ing  of Pigment P a r t i c l e s  f o r  
Thermal Cont ro l  Coat ings ,"  SRI In t e r im  Technical  Report No. 4 ,  
PMU-7083 (February 5 ,  1971).  



I V  RESULTS AND DISCUSSION 

Powder Feed Cont ro l  

I n  t h e  p a s t  t h e  a u g e r - v i b r a t o r y  f e e d e r  d e s c r i b e d  and i l l u s t r a t e d  in 

I n t e r i m  Technica l  Report  No. 1 h a s  g i v e n  r e l i a b l e  and r e p r o d u c i b l e  f e e d  

r a t e  c o n t r o l .  The two new pigments submi t t ed  f o r  c a l c i n i n g  d u r i n g  t h i s  

r e s e a r c h  p e r i o d  e x h i b i t e d  a  marked d i f f e r e n c e  i n  f low c h a r a c t e r i s t i c s  and 

r e q u i r e d  r e c a l i b r a t i o n  of t h e  powder feed  paramete rs .  The c a l i b r a t i o n  

c u r v e  f o r  each pigment is shown i n  F i g u r e  1. Not enough m a t e r i a l  was on 

hand t o  produce a  curve  f o r  any o t h e r  s p e c i f i c  pigment used e a r l i e r  i n  

t h e  program. A g e n e r a l  comparison can  be  made i n  t h a t  a t  a g iven  s e t t i n g  

t h e  new pigments f low a t  a  r a t e  3  t o  5  t imes  t h a t  of t h e  e a r l i e r  p igments ,  

The d i f f e r e n c e  is due t o  a  change i n  t h e  flow c h a r a c t e r i s t i c s  of powder 

p a r t i c l e s  a s  t h e y  compact and f i l l  i n  around t h e  auger .  

B. Plasma C a l c i n i n g  

0 
'fie two pigments were both  c a l c i n e d  a t  t h e  optimum AT v a l u e  of 1670 C, 

To i n v e s t i g a t e  t h e  e f f e c t  of powder f e e d  r a t e  t h e  potass ium h e x a f l u o r c -  

s i l i c a t e  (K S i F  ) t r e a t e d  pigment (SRI No. 12)  was processed a t  t h r e e  d i f -  
2  6 

f e r e n t  r a t e s  : 1 . 3 ,  5 . 6 ,  and 15 .7  g/min. Th is  range of f e e d i n g  r a t e s  en- 

compasses t h e  c o n t r a c t  g o a l  of 4.7 g/min ( 5  l b  p e r  8 -hr  s h i f t ) .  

A l l  t e s t  r e s u l t s  t o  d a t e  i n d i c a t e  t h a t  f e e d i n g  r a t e s  up t o  15-7' g/min 

d o  n o t  a f f e c t  t h e  v i s u a l  n a t u r e  of t h e  c a l c i n e d  p r o d u c t s ,  The most e v i d e n t  

e f f e c t  of c a l c i n i n g  t h e s e  new pigments was a  l o s s  i n  t o t a l  r e f l e c t a n c e  o r  

g r a y i n g  of t h e  powders. The d e g r e e  of g r a y i n g  was e q u a l  r e g a r d l e s s  of f e e d  

r a t e  f o r  t h e  No. 12 pigment. The second new pigment (SRI No. 14)  t r e a t e d  

w i t h  potass ium s i l i c o t u n g s t a t e  (K S i  W 0 ) e x h i b i t e d  t h e  g r e a t e s t  l o s s  i n  
4 4  12 40 

r e f l e c t a n c e .  Samples c o l l e c t e d  i n  t h e  s m a l l  condenser  bank from each run 

were s e n t  t o  IITRI f o r  s o l a r  s i m u l a t i o n  and s p e c t r o r e f l e c t o m e t r y .  These 

t e s t s  shou ld  e s t a b l i s h  t h e  r e f l e c t a n c e  l o s s  q u a n t i t a t i v e l y .  
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FIGURE 1 EFFECT OF SURFACE TREATMENT ON POWDER FEED RATE 



C. X-Ray D i f f r a c t i o n  Ana lys i s  

The d i s t r i b u t i o n  of c r y s t a l l i n e  phases  both  i n  t h e  s t a r t i n g  m a t e r i a l s  

and t h e  c a l c i n e d  p roduc t s  is e v i d e n t  i n  t h e  d i f f r a c t i o n  p a t t e r n s  sbov~n i n  

F i g u r e  2.  Excess ZnO a s  a  s e p a r a t e  phase was n o t  observed i n  t h e  pcs1;as- 

sium h e x a f l u o r o s i l i c a t e  t r e a t e d  pigment. The major  ZnO l i n e s  a r e  p r e s e n t  

i n  s i l i c o t u n g s t a t e  t r e a t e d  pigment and show t h a t  t h e  c a l c i n i n g  produces 

no a p p a r e n t  change. The minor phase due t o  t h e  h e x a f l u o r o s i l i c a l e  treat- 

ment d i s a p p e a r s  i n  each of t h e  c a l c i n e d  p r o d u c t s .  Scanning e l e c t r o n  

microscope (SEM) p i c t u r e s  (F igure  3 )  show t h e  p resence  o f  a s m a l l  p a r -  

t i c u l a t e  phase  on t h e  s u r f a c e  of t h e  l a r g e r  c a l c i n e d  p a r t i c l e s ,  b u t  t h e  

q u a n t i t y  is much t o o  s m a l l  t o  be d e t e c t e d  by x-ray d i f f r a c t i o n ,  

D.  E l e c t r o n  Paramagnet ic  Resonance (EPR) 

EPR s p e c t r a  were recorded i n  o r d e r  t o  e s t a b l i s h  q u a l i t y  c o n t r o l  i n  

f u t u r e  p r o c e s s i n g  f o r  each pigment and c a l c i n e d  p roduc t  (F igures  4 a n d  51, 

Due t o  t h e  l i m i t e d  funds  a v a i l a b l e  f o r  t h i s  r e s e a r c h  p e r i o d  no e x t e n s i v e  

a t t e m p t  was made t o  draw c o r r e l a t i o n s  from t h e s e  d a t a ,  

The e f f e c t  of s u r f a c e  t r e a t m e n t  on EPR l i n e  i n t e n s i t i e s  of p l a s m a -  

c a l c i n e d  z i n c  o r t h o t i t a n a t e  pigments is i l l u s t r a t e d  i n  Tab le  I ,  Each of 
0 

t h e  samples was t r e a t e d  under  t h e  same AT v a l u e  (1670 C ) .  Samples 6 ,  9 ,  

and 1 0  a r e  from e a r l i e r  r e s e a r c h  p e r i o d s  and a r e  shown f o r  comparison,  

Samples 6 and 9  have n o t  been s u r f a c e  t r e a t e d .  

Three p r i n c i p a l  EPR l i n e s  a r e  e v i d e n t  a t  g  v a l u e s  of 2 .003,  1,98, and 
0 

1 .96.  A t  300 K t h e  2.003 l i n e  e x h i b i t s  t h e  g r e a t e s t  i n t e n s i t y  i n  t h e  f l u o r o -  

s i l i c a t e  t r e a t e d  powder and t e n d s  t o  d e c r e a s e  i n  i n t e n s i t y  on plasma c a l -  

c i n i n g  ( F i g u r e  4 ) ;  t h e  l i n e  is of unknown o r i g i n  b u t  a r i s e s  from a n  e s s e n t i a l l y  

f r e e  e l e c t r o n .  
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FlGU RE 2 X-RAY Dl  FFRACTION PATTERNS (left  figures are as-received powders, 
r ight figures are plasma calcined products) 
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K4Si4W,,040 COATING AT = 1 6 7 0 ' ~  
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FIGURE 3 SCANNING ELECTRON MICROSCOPE PICTURES 
OF CALCINED POWDERS 
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FlGU RE 4 ELECTRON PARAMAGNETIC RESONANCE SPECTRA OF 
PLASMA-CALCINED PIGMENTS (K2SiF6 COATED Zn2Ti0,) 
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FIGURE 5 ELECTRON PARAMAGNETIC RESONANCE SPECTRA OF 
PLASMA-CALCINED PIGMENTS (K4Si4Wl,04, COATED Zn,TiB),) 
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T a b l e  I 

EFFECT OF SURFACE TREATMENT ON CHARACTERISTIC EPR LINES 

FOR PLASMA-CALCINED* ZINC ORTHOTITANATE PIGMENTS 

D e s c r i p t i o n  

U n t r e a t e d  (1 : 1) 

U n t r e a t e d  
(1:l excess ZnO) 

t L i n e  i n t e n s i t i e s  n o r m a l i z e d  t o  a g a i n  o f  250 

t f I n t e n s i t y  m e a s u r e d  a t  g = 1.98. 



4-3 
The l i n e  a t  about  g  = 1 .98 ,  which has  been a s c r i b e d  t o  a  T i  center, 

e x h i b i t e d  a n  i n t e n s i t y  and shape  t h a t  depended on t h e  sample and p r e t r e a t -  

ment. Th i s  l i n e  was a b s e n t  i n  t h e  as - rece ived  samples ,  b u t  was more rntense 

f o r  t h e  c a l c i n e d  p roduc t  t h a n  i t  was i n  t h e  p roduc t s  of p rev ious  p l a s m  runs, 

The s i l i c o t u n g s t a t e  p r o d u c t  (14-32.3) showed t h e  g r e a t e s t  i n t e n s i t y ,  Exclud - 
i n g  t h e  1 .96 l i n e ,  t h e  shape  of t h e  1.98 l i n e  s u g g e s t s  t h e  p resence  of two 

d i f f e r e n t ,  and perhaps  r e l a t e d ,  paramagnet ic  c e n t e r s .  Th i s  e f f e c t  i s  more 

e v i d e n t  a t  room tempera tu re .  

The i n t e n s i t y  of t h e  1 .98 l i n e  i n c r e a s e s  w i t h  i n c r e a s i n g  loss of 

r e f l e c t a n c e  e x c e p t  i n  t h e  c a s e  of h e x a f l u o r o s i l i c a t e  coa ted  powder processed 

a t  1 . 3  g/min. I n  t h i s  c a s e  t h e  l o s s  of r e f l e c t a n c e  is e q u a l  t o  t h a t  a t  t h e  

o t h e r  two f e e d  r a t e s  b u t  t h e  1.98 l i n e  is weaker.  

The 1 .96 l i n e ,  which i s  a s c r i b e d  t o  donors  i n  ZnO, appears  i n  the cal- 

c ined  m a t e r i a l  a s  a  s a t e l l i t e  s i g n a l  on t h e  1.98 l i n e  and on ly  f o r  t h e  

s i l i c o t u n g s t a t e  t r e a t e d  sample. The 1.96 l i n e  is most e v i d e n t  i n  t h e  a s -  

r e c e i v e d  sample and t e n d s  t o  d e c r e a s e  a f t e r  plasma c a l c i n i n g  (Figure 51, 

Although t h e  K S i F  t r e a t e d  sample (SRI No. 12)  o r i g i n a l l y  con ta ined  excess  
2 6 

z i n c  ox ide  ( 0 . 5 % ) ,  both t h e  x - ray  and t h e  EPR r e s u l t s  show no evidence of 

t h i s  phase .  However, e x c e s s  ZnO i n  t h e  o r i g i n a l  sample of t h e  silieotungst~te 

t r e a t e d  sample is e v i d e n t  by bo th  t e c h n i q u e s .  

The i n t e r p r e t a t i o n  of t h e  b e h a v i o r  of t h e  EPR l i n e s  is  d i f f i c u l t  from 

t h e  e x p e r i m e n t a l  d a t a  a v a i l a b l e  a t  p r e s e n t .  However, some t e n t a t i v e  sug-  

g e s t i o n s  can be made s u b j e c t  t o  f u r t h e r  exper imenta l  t e s t i n g .  I n  t h e  ease 
4- 3 

of t h e  K S i F  t r e a t e d  sample ,  i f  t h e  1 .98 l i n e  i s  due t o  t h e  T i  center, it 
2 6  

is  p o s s i b l e  t h a t  F- i o n s  s e r v e  a s  e l e c t r o n  donors  i f  t h e y  e n t e r  s u b s t i t u -  

t i o n a l l y  f o r  0= i o n s  i n  t h e  l a t t i c e  of t h e  Zn Ti04.  The c a s e  of the silico- 
2 

t u n g s t a t e  t r e a t e d  sample is more d i f f i c u l t  t o  i n t e r p r e t  because  there is no 

obvious  mechanism t o  account  f o r  i n c r e a s i n g  t h e  c o n c e n t r a t i o n  of donors that 

could l e a d  t o  t h e  v e r y  l a r g e  i n c r e a s e  of t h e  1.98 l i n e .  



V FUTURE: WORK 

During the  next  research  per iod the  fo l lowing  a r ea s  should be con- 

s i d e r e d  f o r  i n v e s t i g a t i o n :  

1. The e f f e c t  of res idence  t ime. This  should be examined b y  

mu l t i p l e  passes  o r  through modi f ica t ions  t o  t h e  r e a c t i o n  

chamber t r a n s p o r t  and mixing c h a r a c t e r i s t i c s .  

2 .  Optimum recovery o r  p rocess ing  y i e l d .  This should be 

i n v e s t i g a t e d  through des ign  modi f ica t ions  t o  t h e  c o l l e c t i o n  

system. 

3 .  React ive plasma environments. This is  t o  provide improved 

s t a b i l i t y  i n  uncoated pigment p a r t i c l e s .  

Suggest ions 1 and 2 would r equ i r e  a  l a r g e  q u a n t i t y  (2 t o  3 Ib) of one 

pigment powder t o  a c t  a s  a  c o n t r o l  s tandard  t o  measure t h e  e f f e c t  of m o d i -  

f i c a t i o n s  i n  c a l c i n i n g  parameters and equipment. 
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